Neurotrophins render neurons highly vulnerable to certain injuries. We examined the possibility that NT-4/5 would enhance free radical neurotoxicity in vivo as well as in vitro. Striatal neurons exposed to 10 M Fe 2؉ or 1 mM L-buthionine-[S, R]-sulfoximine (BSO) underwent mild degeneration within 24 h. With concurrent addition of 10 -100 ng/ml NT-4/5, neuronal death following exposure to Fe 2؉ or BSO was significantly increased and suppressed by addition of 100 M trolox, an antioxidant. In the adult brain, the intrastriatal injections of 20 nmol Fe 2؉ revealed features of neuronal necrosis such as swelling cell body and mitochondria, fenestration of plasma membrane prior to nuclear membrane, and scattering condensation of nuclear chromatin. Cotreatment with 1.8 g NT-4/5 augmented the striatal damage 24 h following the injections of Fe 2؉ . This study implies that free radicals produce necrotic degeneration in vivo as well as in vitro that becomes more sensitive in the presence of neurotrophins.
INTRODUCTION
The neurotrophins, a gene family that includes nerve growth factor (NGF), play an essential role in the development and maintenance of the peripheral and central nervous system (Levi-Montalcini, 1987; Arenas et al., 1994; Barde, 1994; Klein, 1994) . Neurotrophins promote neuronal survival by preventing programmed cell death during development or apoptosis (Davies, 1994; Snider, 1994) , and appear to protect neurons against various pathological injuries. For example, NGF, BDNF, NT-3, and NT-4/5 have been reported to attenuate excitotoxic neuronal death in vitro and in vivo (Frim et al., 1993; Shimohama et al., 1993; Cheng et al., 1994 , Cheng et al., 1994 . Neurotrophins also ameliorate degeneration of basal forebrain cholinergic neurons, retinal ganglion neurons, and spinal sensory and motor neurons following axotomy in vivo (Hefti, 1986; Yan et al., 1992; Mey & Thanos, 1993; Chiu et al., 1994; Cohen et al., 1994; MansourRobaey et al., 1994; Friedman et al., 1995) . NGF and BDNF can protect the hippocampal neurons against transient global ischemia (Shigeno et al., 1991; Beck et al., 1994) . The latter also protects dopaminergic neurons against 6-hydroxydopamine or 1-methyl-4-phenylpyridinium ion toxicity (Spina et al., 1992; Frim et al., 1994) . Actions of neurotrophins that regulate levels of intracellular Ca 2ϩ or reactive oxygen species may be attributable to the neuroprotective effects (Mattson & Cheng, 1993; Zhang et al., 1993) .
In contrast to the well-known neuroprotective effects, neurotrophins can enhance neurotoxicity under certain circumstances. PC12 cells pretreated with NGF were more susceptible to glutamate toxicity (Schubert et al., 1992) . Pretreatment with BDNF or NT-3 increased glutamate-induced neuronal death in cerebellar granule cells (Fernandez-Sanchez & Novelli, 1993) .
